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(57) The present invention relates to a pipe system
for a fluid, in particular a gas, in particular of an intake
system (10) or a turbocharger of an internal combustion
engine, in particular of a motor vehicle. Further the
present invention relates to a method and an apparatus
for connecting at least one duct part (12) of a pipe system
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Pipe system for a fluid, a method and an apparatus for connecting at least one duct part of

(10). The pipe system (10) has at least one blow-molded
duct part (12) made of plastic and at least one fitting (18)
for connecting the at least one blow-molded duct part
(12) with another part (20) of the pipe system (10). The
fitting (18) is inserted tight in the at least one blow-molded
duct part (12). The at least one blow-molded duct part
(12) is shrinked on the at least one fitting (18).
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Description
Technical Field

[0001] The present invention relates to a pipe system
for a fluid, in particular a gas, in particular of an intake
system or a turbocharger of an internal combustion en-
gine, in particular of a motor vehicle, having at least one
blow-molded duct part made of plastic and at least one
fitting for connecting the at least one blow-molded duct
part with another part of the pipe system, whereby the
fitting is inserted tight in the at least one blow-molded
duct part.

[0002] The presentinvention relates further to a meth-
od for connecting at least one duct part of a pipe system
for a fluid, in particular a gas, in particular of an intake
system or a turbocharger of an internal combustion en-
gine, in particular of a motor vehicle, with another part of
the pipe system by use of at least one fitting, whereby
the at least one duct part is made of plastic by a blow
molding process and the at least one fitting is inserted
tight in the at least one blow-molded duct part.

[0003] Additionally, the present invention relates to an
apparatus for connecting at least one duct part of a pipe
system for a fluid, in particular a gas, in particular of an
intake systemor aturbocharger of an internal combustion
engine, in particular of a motor vehicle, with another part
of the pipe system by use of at least one fitting, having
an extruder for extruding a plastic material in a blowing
mold for blow molding the at least one duct part and hav-
ing a device for inserting the at least one fitting tight in
the at least one blow-molded duct part.

State of Technology

[0004] An air intake system of an internal combustion
engine known from the market has a first blow-molded
duct part made of plastic. A second duct part has a nipple
for connection with the first duct part. The nipple of the
second duct part is inserted in a connection end of the
first duct part. The connection between the first duct part
and the second duct part is fixed tightly by welding.
[0005] Itis an object of the invention to provide a pipe
system, a method and an apparatus for connecting at
least one duct part of the pipe system of the above-men-
tioned kind, in which the connection can be realized easily
directly inside the mould without external ejection proc-
ess and the connection is reliable and tight.

Disclosure of Invention

[0006] The objectis achieved by that, the at least one
blow-molded duct part is shrinked on the at least one
fitting.

[0007] According to the present invention, the at least
onefitting is inserted in the at least one blow-molded duct
part while the duct partis plasticized. Due to the shrinking
a nonpositive connection between the at least one blow-
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molded duct part and the at least one fitting can be real-
ized which can be actuated by adherence. The at least
one fitting is a male part. It can be a nipple or a pipe
socket. The at least one fitting can be connected to a
second duct part. A connecting end of the second duct
part can be formed as a fitting. An external diameter of
the at least one fitting, in particular the connecting end
of the second duct part, can correspond to an internal
diameter of the connection end of the at least one blow-
molded duct part.

[0008] Favorably the external diameter of the at least
one fitting can be between 15 mm and 70 mm. The in-
ternal diameter of the connection end of the at least one
blow-molded duct part can be between 15 mm and 70
mm. The shape of the duct part can be circular or oval.
[0009] Favorably a wall thickness of the at least one
fitting can be between 2 mm and 4 mm. A wall thickness
of the at least one blow-molded duct part can be between
2 mm and 4 mm. The at least one fitting can be inserted
in the at least one blow-molded duct part before the plas-
ticized material of the blow-molded duct part is cooled
down. During the cooling the at least one blow-molded
duct part shrinks on the at least one fitting. So a tight
connection can be realized. Additional tools in particular
for welding are not necessary. Advantageously the at
least one fitting can be inserted during the blowing phase
of the at least one blow-molded duct part. Favorably a
radial outer surface of the at least one fitting can be grad-
ed in axial direction. So during the shrinkage the shape
of the pipe wall of the at least one blow-molded duct part
adapts to the outline of the radial outer circumferential
side of the atleast onefitting. In this way a positive locking
connection between the at least one blow-molded duct
part and the at least one fitting can be realized. The pos-
itive locking connection can be realized alternatively or
additionally to the nonpositive connection. In particular
the radial outer surface of the at least one fitting can be
sawtoothed. So the stability of the positive locking con-
nection can be further increased. In particular, the pipe
system can be part of a turbo link, an air connection or
a connection of a filter. Further, the pipe system can be
part of a so-called Christmas tree. A Christmas tree can
be an assembly of valves, spools and fittings.

[0010] According to a favorable embodiment of the in-
vention, the at least one blow-molded duct part can be
connected to the at least one fitting by material engage-
ment. The material engagement can be realized by fusing
the materials of the at least one blow-molded duct part
and the at least one fitting together. The fusion of the
materials can be caused by the contact of the plasticized
material of the at least one blow-molded duct part with
the material of the at least one fitting. The fusion can be
improved by the surface compression load due to the
shrinking of the at least one blow-molded duct part. The
tightness of the connection can be further increased by
the material engagement. The material engagement can
be realized additionally or alternatively to the nonpositive
connection or the positive locking connection.



3 EP 2713 038 A1 4

[0011] Advantageously, the at least one fitting can be
made of plastic. Favorably it can be made of polyamide.
Polyamide is a thermoplastic which easy can be plasti-
cized by heating. It hardens when it cools down. In par-
ticular the at least one fitting can be made of polyamide,
which is chemically strengthened with 15 % glass fiber.
Favorably the at least one fitting can be made of a
strengthened polyamide from Caprolactam, in particular
known as "PA 6 15% GF", or a polyamide known as "PA
666 15% GF". Favorably, an external surface of the at
least one plastic fitting can be plasticized before inserting
in the at least one blow-molded duct part. For plasticizing
the fitting can be heated. After inserting the fitting, the
plasticized material of its surface can fuse with the plas-
ticized material of the internal surface of the blow-molded
duct part. So the material engagement between the at
least one fitting and the at least one blow-molded duct
part can be realized by chemical adhesion.

[0012] Advantageously, the at least one blow-molded
duct part can be made of polyamide. Favorably the at
least one blow-molded duct part can be made of polya-
mide, which is chemically strengthened with 15 % glass
fiber, known as "PA 6 15% GF" or "PA 666 15% GF".
Polyamide easy can be plasticized by heating. Plasti-
cized polyamide can be hardened by cooling down. Plas-
ticized polyamide canrealize a material engagement with
the radial outer surface of the at least one fitting.

[0013] According to a further favorable embodiment of
the invention, the at least one blow-molded duct part and
the at least one fitting can be made of different materials.
The materials can differ in thermal conductivity and/or
temperature resistance and/or electrical conductivity
and/or mechanical stability and/or flexibility. In this way
the at least one blow-molded duct part and the at least
one fitting can be optimized for their function each. In
particular the at least one fitting can be made of a rigid
material. The at least one fitting can be made of a rigid
plastic ora metal. The atleast one blow-molded duct part
can be made of a flexible material.

[0014] According to a further favorable embodiment of
the invention, a gasket can be placed between the at
least one blow-molded duct part and the at least one
fitting. In this way the tightness of the connection can be
increased further.

[0015] The objectis further achieved by the method in
that, the plastic material for realizing the atleast one blow-
molded duct part is plasticized by heating and formed in
a blowing mold, the plasticized at least one blow-molded
duct part is shrinked on the at least one fitting, the plas-
ticized atleast one blow-molded duct partis cooled down.
[0016] All features and advantages of the above-men-
tioned inventive pipe system apply analogous to the in-
ventive method and its favorable embodiments. Advan-
tageously, the plasticized plastic material can be extrud-
ed. Therefore a method of suction extruding by use of an
extruder can be performed. The extruded plastic material
can be blow-molded by use of the blowing mold. Extrud-
ing and blow molding can happen during just several sec-
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onds. Scraps of the blow-molded duct part can be cut
off. Then the plasticized at least one blow-molded duct
part can be moved to the at least one fitting. Advanta-
geously, the blowing mold with the blow-molded duct part
can be moved to the at least one fitting. The at least one
fitting can be strongly inserted in the plasticized at least
one blow-molded duct part. Therefore the at least one
fitting can be mounted on a lifter which can be positioned
by an actuator. During the insertion of the at least one
fitting, the at least one blow-molded duct part can still be
placed within the blowing mold. After the insertion of the
at least one fitting, the at least one blow-molded duct part
can be cooled down. During the down cooling, the at least
one blow-molded duct part can shrink tight on the at least
one fitting. In this way, the at least one duct part is blow-
molded on the at least one fitting, effectively.

[0017] According to a favorable embodiment of the in-
vention, the at least one fitting can be heated before the
plasticized at least one duct part is shrinked on the at
least one fitting. In this way the at least one fitting and
the at least one duct part can be connected by material
engagement. Advantageously, the at least one fitting can
be made of plastic. Thus the plastic material of the at
least one duct part and the material of the at least one
fitting can fuse. So a material engagement between the
at least one fitting and the at least one blow-molded duct
part can be realized by chemical adhesion.

[0018] The objectis further achieved by the apparatus
by a cutting device for trimming the at least one blow-
molded duct part, a driver for moving the blowing mold
to the device for inserting the at least one fitting, whereby
the device for inserting the at least one fitting has means
for pushing the at least one fitting into the at least one
duct part. The device for inserting the at least one fitting
can also have heating means for heating the at least one
fitting before pushing it into the at least one duct part.
The extruder can be a suction extruder. All features and
advantages of the above-mentioned inventive pipe sys-
tem and the above-mentioned inventive method apply
analogous to the inventive apparatus and its favorable
embodiments.

Brief Description of Drawings

[0019] The presentinvention together with the above-
mentioned and other objects and advantages may best
be understood from the following detailed description of
the embodiments, but not restricted to the embodiments,
wherein is shown schematically

Figure 1  adetail of an air intake system of an internal
combustion engine of a motor vehicle with a
duct part which is connected to a fitting,
whereby the duct part is shown in a longitu-
dinal section;

an apparatus for connecting the duct part of
the pipe system of figure 1 with the fitting in
an early production step;

Figure 2
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Figure 3  the apparatus of figure 2 in a posterior pro-
duction step.
[0020] In the drawings, equal or similar elements are

referred to by equal reference numerals. The drawings
are merely schematic representations, not intended to
portray specific parameters of the invention. Moreover,
the drawings are intended to depict only typical embod-
iments of the invention and therefore should not be con-
sidered as limiting the scope of the invention.

Embodiment(s) of Invention

[0021] In figure 1 a detail of an air intake system 10 of
an internal combustion engine of a motor vehicle is de-
picted. The air intake system 10 has a first duct part 12.
The first duct part 12 is shown in a longitudinal section.
The first duct part 12 is blow-molded of polyamide. The
polyamide is chemically strengthened with 15% glass fib-
er. Favorably so-called "PA6 15% GF" or "PA666 15%
GF" can be used. An internal diameter of the first duct
part 12 at its shown connection end 16 varies between
15 mm and 70 mm, favorably between 47 mm and 52
mm. The internal diameter is indicated in figure 1 with a
double arrow 14. A wall thickness of the first duct part 12
is between 2 mm and 4 mm, favorably 3 mm.

[0022] The air intake system 10 further has a fitting 18
for connecting the first duct part 12 with a second duct
part 20 of the air intake system 10. The fitting 18 is a tube
section. In figure 1 it is shown in a side view. The fitting
18 is inserted tightly in the connection end 16 of the first
duct part 12. The first duct part 12 is shrinked on the
fitting 18. The first duct part 12 is connected to the fitting
18 by a combination of material engagement, nonpositive
connection and positive locking connection.

[0023] The fitting 18 is made of plastic. It is connected
in one piece to the second duct part 20. The first duct
part 12 and the fitting 18 are made of different materials.
The radial outer circumferential side of the fitting 18 is
sawtoothed in axial direction. An imaginary axis of the
fitting 18 is indicated with a broken line 22. The shape of
the pipe wall of the first duct part 12 is adapted to the
radial outer circumferential side of the fitting 18. In this
way the positive locking connection between the first duct
part 12 and the fitting 18 is realized. An external diameter
of the fitting 18 corresponds to the internal diameter 14
of the connection end 16 of the first duct part 12. It is
between 35 mm and 70 mm. Favorably it is between 47
mm and 52 mm. A wall thickness of the fitting 18 is be-
tween 2 mm and 4 mm, favorably 3 mm. Due to the tight
shrinking of the first duct part 12, the nonpositive con-
nection by actuation by adherence is realized.

[0024] Infigures 2 and 3 an apparatus 24 for connect-
ing the first duct part 12 with the second duct part 20 by
use of the fitting 18 is shown in two different production
steps.

[0025] The apparatus 24 has an extruder 26 for extrud-
ing polyamide to a parison which is formed in a blowing
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mold 28 to the first duct part 12. Further the apparatus
24 has a suction housing 30, into which a leading end of
the parison is sucked for forming the parison to the first
duct part 12. The suction housing 30 is placed on the
opposite side of the extruder 26. It has an opening 31.
In a state of extruding and blow molding of the first duct
part 12, the opening 31 is connected with an outlet open-
ing 32 of the blowing mold 28. The state of the apparatus
24 of extruding and blow molding of the first duct part 12
is shown in figure 2. The extruder 26 and the suction
housing 30 are fixed relative to another.

[0026] Between the blowing mold 28 and the suction
housing 30 a blade 36 for trimming the first duct part 12
is mounted on the suction housing 30. The blade 36 is
movable parallel to a surface of the blowing mold 28,
which abuts on the suction housing 30. In figure 2 a mov-
ing direction of the blade 36 is indicated with an arrow 38.
[0027] The blowing mold 28 is movable in direction of
an arrow 34 relative to the extruder 26 and the suction
housing 30 toward a device for inserting 40 the fitting 18
tight in connection end 16 of the first duct part 12. There-
fore the apparatus 24 has a driver 42 for moving the blow-
ing mold 28 toward the device for inserting 14. A housing
44 of the device for inserting 40 is affixed to the suction
housing 30 by a bridge 46. At a further favorable contrary
embodiment, the blowing mould 28 is fixed and the fitting
apparatus is moved.

[0028] The housing 44 has a cylindrical interior 48, in
which the second duct part 20 with the fitting 18 can be
placed. At a front side of the interior 48 the housing 44
has an assembling opening 50. In the state of inserting
the fitting 18, the assembling opening 50 is coaxial to the
outlet opening 32 of the blowing mold 28. The state of
inserting the fitting 18 of the apparatus 24 is shown in
figure 3.

[0029] Onthe side opposite to the assembling opening
50, the housing 44 has an actuator opening 52. The ac-
tuator opening 52 is coaxial to the assembling opening
50. A piston 54 of an actuator 56 leads through the ac-
tuator opening 52. The piston 54 is movable in the interior
48. A moving direction of the piston 54 is axial to the
interior 48. In figure 3, the moving direction is indicated
with an arrow 58.

[0030] Near the assembling opening 50, a cylindrical
heating element 60 is placed at the radial inner circum-
ferential side of the housing 44. Favorably the heating
element 60 is electrically operated.

[0031] An exemplary method for connecting the first
duct part 12 with the second duct part 20 by use of the
fitting 18 is described with the help of figures 2 and 3.
[0032] The apparatus 24 is in its state of extruding as
shown in figure 2. The extruder 26 is provided with the
polyamide for the first duct part 12. The pre-casted sec-
ond duct part 20 with the fitting 18 is placed in the interior
48 of the housing 44 of the device for inserting 40. The
fitting 18 is coaxial to the assembling opening 50. The
free end of the fitting 18 points to the assembling opening
50. The second duct part 20 is mounted on the free end
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of the piston 54. The fitting 18 is placed inside the heating
element 60.

[0033] The polyamide is heated and plasticized within
the extruder 26. The plasticized polyamide is extruded
with the extruder 26 and blown to the parison in the blow-
ing mold 28. The parison is sucked with its leading end
into the suction housing 30. So the parison is sucked into
the blowing mold 28 and formed to the first duct part 12.
[0034] The blade 36 is moved in direction 38 to cut off
the scrap 62 of the leading end of the first duct part 12
which is within the suction housing 30. So the first duct
part 12 is trimmed.

[0035] The blowing mold 28 together with the first duct
part 12 is moved in direction 34 toward the device for
inserting 40. As it is shown in figure 3, the leading end,
which realizes the connection end 16 of the first duct part
12, then is coaxial to the fitting 18 in the interior 48 of the
housing 44.

[0036] The fitting 18 is heated by the heating element
60. The radial outer surface of the fitting 18 so is plasti-
cized.

[0037] The piston 54 is moved by the actuator 56 in
moving direction 58 toward the assembling opening 50,
so that the fitting 18 is pushed in the still plasticized con-
nection end 16 of the first duct part 12.

[0038] The plasticized firstduct part 12 is cooled down.
For this the blowing mold 28 can be cooled down. There-
by the plasticized first duct part 12 is shrinked on the
fitting 18. During the shrinkage of the first duct part 12
the shape of its pipe wall adapts to the profile of the radial
outer circumferential side of the fitting 18. The plasticized
material on the radial outer circumferential side of the
fitting 18 fuses with the plasticized material of the first
duct part 12 for realizing the material engagement. The
first duct part 12 and the second duct part 20 are con-
nected tight by use of the fitting 18.

[0039] Afterthe connection of the first duct part 12 with
the fitting 18 is firm, the blowing mold 28 is removed from
the housing 44. The blowing mold 28 is opened and the
first duct part 12 with the fitting 18 and the second duct
part 20 are removed.

[0040] The invention is not limited to an air intake sys-
tem 10 of an internal combustion engine of a motor ve-
hicle. The invention can also be applied for other kinds
of pipe systems for fluids. For example it can be used for
a turbocharger of an internal combustion engine. The
invention can be applied for pipe systems for other gases
or liquids, for example oil, fuel or water. The invention is
further applicable to other kinds of internal combustion
engines, for example to industrial engines.

[0041] The air intake system 10 can have more than
one blow-molded first duct part 12. The air intake system
10 can have more than one fitting 18.

[0042] Instead of being connected with the second duct
part 20, the first duct part 12 can also be connected with
another part of the air intake system 10, for example with
a housing of an air filter or a so-called Christmas tree.
[0043] The internal diameter 14 of the connection end
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16 of the first duct part 12 can be less than 35 mm or
more than 70 mm. Accordingly, the external diameter of
the fitting 18 can be less than 35 mm or more than 70 mm.
[0044] The wall thickness of the first duct part 12 can
be less than 2 mm or more than 4 mm. The wall thickness
of the fitting 18 can be less than 2 mm or more than 4 mm.
[0045] Instead of being sawtoothed the radial outer cir-
cumferential side of the fitting 18 can be graded in axial
direction in a different way. For example it can be wavy.
The radial outer circumferential side of the fitting 18 can
also be straight in axial direction.

[0046] The connection between the first duct part 12
and the fitting 18 can be realized by material engagement
or nonpositive connection, in particular actuation by ad-
herence, or positive locking connection or a combination
of those connection types.

[0047] The firstductpart 12 also can be made of polya-
mide which is strengthened with more or less than 15%
glass fiber. Also polyamide without glass fiber can be
used. The first duct part 12 can also be made of another
kind of plastic material.

[0048] The fitting 18 can also be made of polyamide.
The polyamide also can be chemically strengthened with
15 % glass fiber, for example so-called "PA6 15% GF"
or "PA666 15% GF". Also polyamide with more or less
than 15 % glass fiber or without glass fiber can be used.
The fitting 18 also can be made of a material different
from plastic. For example it can be made of metal.
[0049] The first duct part 12 and the fitting 18 can also
be made of the same material.

[0050] A gasket can be placed between the first duct
part 12 and the fitting 18.

[0051] Instead of one cylindrical heating element 60
also multiple heating elements can be placed at the radial
inner circumferential side of the housing 44.

[0052] The order of the procedural steps of the exem-
plary method for connecting the first duct part 12 with the
fitting 18 can be different.

[0053] Also an alternative method for connecting the
duct parts 12 and 20 by use of the fitting 18 can be applied,
which differs from the described exemplary method.
[0054] The first duct part 12 can be shrinked on the
fitting 18 without heating the fitting 18 before.

[0055] The firstduct part 12 can be connected with the
fitting 18 by use of an apparatus different from the exem-
plary described apparatus 24.

Claims

1. Pipe system for a fluid, in particular a gas, in partic-
ular of an intake system (10) or a turbocharger of an
internal combustion engine, in particular of a motor
vehicle, having at least one blow-molded duct part
(12) made of plastic and at least one fitting (18) for
connecting the at least one blow-molded duct part
(12) with another part (20) of the pipe system (10),
whereby the fitting (18) is inserted tight in the at least
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one blow-molded duct part (12), characterized in
that, the at least one blow-molded duct part (12) is
shrinked on the at least one fitting (18).

Pipe system according to claim 1, characterized in
that, the at least one blow-molded duct part (12) is
connected to the at least one fitting (18) by material
engagement.

Pipe system accordingto claim 1 or 2, characterized
in that, the at least one fitting (18) is made of plastic.

Pipe system according to one of the previous claims,
characterized in that, the at least one blow-molded
duct part (12) is made of polyamide.

Pipe system according to one of the previous claims,
characterized in that, the at least one blow-molded
duct part (12) and the at least one fitting (18) are
made of different materials.

Pipe system according to one of the previous claims,
characterized in that, a gasket is placed between
the at least one blow-molded duct part and the at
least one fitting.

Method for connecting at least one duct part (12) of
a pipe system for a fluid, in particular a gas, in par-
ticular of an intake system (10) or a turbocharger of
an internal combustion engine, in particular of a mo-
tor vehicle, with another part (20) of the pipe system
(10) by use of at least one fitting (18), whereby the
at least one duct part (12) is made of plastic by a
blow molding process and the at least one fitting (18)
is inserted tight in the at least one blow-molded duct
part (12), characterized in that, the plastic material
for realizing the at least one blow-molded duct part
(12) is plasticized by heating and formed in a blowing
mold (28), the plasticized at least one blow-molded
duct part (12) is shrinked on the at least one fitting
(18), the plasticized at least one blow-molded duct
part (12) is cooled down.

Method according to claim 7, characterized in that,
the at least one fitting (18) is heated before the plas-
ticized at least one duct part (12) is shrinked on the
at least one fitting (18).

Method according to claim 6 or 7, characterized in
that, the at least one fitting (18) is made of plastic.

Apparatus (24) for connecting at least one duct part
(12) of a pipe system for a fluid, in particular of an
intake system (10) or a turbocharger of an internal
combustion engine, in particular of a motor vehicle,
with another part (20) of the pipe system (10) by use
of at least one fitting (18), having an extruder (26)
for extruding a plastic material in a blowing mold (28)
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for blow molding the at least one duct part (12) and
having a device for inserting (40) the at least one
fitting (18) tight in the at least one blow-molded duct
part (12), characterized by a cutting device (36) for
trimming the at least one blow-molded duct part (12),
a driver (42) for moving the blowing mold (28) to the
device for inserting (40) the at least one fitting (18),
whereby the device for inserting (14) the at leastone
fitting (18) has means (54, 56) for pushing the at least
one fitting (18) into the at least one duct part (12).
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